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Abstract. This review provides details on the role of Geographical Information Systems (GIS) in current dengue
surveillance systems and focuses on the application of open access GIS technology to emphasize its importance in
developing countries, where the dengue burden is greatest. It also advocates for increased international collaboration in
transboundary disease surveillance to confront the emerging global challenge of dengue.
In the last 50 years, dengue incidence has increased 30-fold
to more than 50 million cases annually.1 Approximately 70%
of those people at risk of dengue reside in the Asia Pacific
region, predominantly in developing countries such as the
Philippines, Indonesia, Vietnam, and Thailand.1 In lieu of a
vaccine, dengue prevention is limited to vector control (chem-
ical spraying, biological control, physical removal of breeding
sites, and improving infrastructure) and community educa-
tion. Surveillance is essential to dengue management, because
it identifies the number and distribution of cases, virus sero-
types, and severity of disease in a population. Geographical
Information Systems (GIS) allow further investigation of
surveillance data through spatial statistical analyses and visu-
alization of patterns and relationships between disease and
the environment.
This paper reviews the role of GIS in current dengue sur-
veillance systems. It identifies ways that GIS can enhance
dengue surveillance, and it describes recent technological
advances for improved targeting of prevention and control
programs. In doing so, this paper advocates for a collaborative
approach to dengue management, moving from an autono-
mous framework to an international model that emphasizes
information sharing and program planning at a regional scale.
GIS are databases that can capture, store, analyze, and
display data that are linked by a common spatial coordinate
system. GIS are most commonly used for data visualization in
dengue surveillance, allowing identification of the distribution
of disease and changes over time and identification of spatial
relationships with risk factors for disease.2 Maps for visualiza-
tion of dengue surveillance data are particularly useful for
public health professionals advocating for increased
resources, such as vector control or laboratory facilities for
serological confirmation of disease, because policy makers
respond more positively to maps rather than raw numbers
or graphs.3
Mapping the distribution of dengue in a geographic area
allows instant visual identification of areas at risk and enables
faster mobilization of resources. Figure 1 shows incidence
data from the Philippines, where the Cordillera Administra-
tive Region (CAR) had the highest incidence of dengue in
2010. In Nicaragua, Google Earth and ArcGIS were used to
map dengue cases and Aedes larval infestation and develop-
ment sites.4 These maps were then used by public health
staff to target specific neighborhoods for immediate dengue
control measures.
Spatiotemporal mapping using GIS allows visualization of
changes over time in a particular geographic area or popula-
tion. This information is vital to understanding the dynamics
of the disease and can influence planning of future control
programs. For example, a study in Brazil from 1996 to 2002
showed changes in epidemic zones and identified areas con-
sidered spatially vulnerable, which is important information
for predictions of future dengue outbreaks.5 Furthermore,
spatiotemporal analysis of an interior residual spraying (IRS)
program in Cairns, Australia, used data from previous dengue
outbreaks to show that 90% of dengue cases were located
within a 100- to 300-m radius of the index case during the first
wave of transmission and that IRS was only effective if 60%
or more of houses were treated.6 These results informed stra-
tegic changes in Cairns dengue control policy and action.
Identifying drivers of dengue is also possible using GIS and
is particularly useful in the initial stages of analysis, where
relationships between variables can be evaluated visually and
linked geographically before rigorous statistical testing is
undertaken. For example, older age, low education, and low
income were identified as drivers of dengue infection in
Brazil.7 This information was used to target community-based
social mobilization and communication programs. Recent
studies using GIS to identify meteorological drivers of dengue
infection (rainfall, temperature, and humidity) have prog-
ressed methodologically and should now be applied to real-
life disease management.8–10
Exploratory applications of GIS can be used to predict out-
break zones. Cluster detection algorithms, such as Kulldorf’s
spatial and space time scan statistics, implemented with open
access software (SaTScan) can be used to detect dengue clus-
ters (a statistically significant excess of cases within a defined
geographic location and time period). This application can
enable more accurate planning of programs and allocation of
resources and timelier, more efficient epidemic responses.
One example of an application of the spatial scan statistic has
been reported from Thailand.11 The authors suggested that this
methodology could be used to identify the most critical clusters
at differing geographic scales (i.e., province, neighborhood,
and household). Furthermore, low-risk clusters can be identi-
fied using SaTScan, allowing reorientation of resources to
areas most likely to have an outbreak.12,13
Spatial decision support systems (SDSS) are interactive
computer-based systems built on GIS platforms that are
designed to enhance decisions at various stages of the plan-
ning process to produce the most effective result. Historically,
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they have been used in environmental management as a
planning tool and have recently been applied to infectious
diseases such as West Nile virus. Using this technology for
dengue could further progress surveillance systems in terms
of efficiency and resources.3 Particularly, a dengue SDSS
could be automated to regularly undertake statistical data
analysis and produce reports and maps accordingly.
Despite the usefulness of GIS technology, there are a num-
ber of challenges to implementation, including the lack of
reliable epidemiological, entomological, serological, and geo-
graphical data, the computational demands of some appli-
cations, and the cost of purchasing and maintaining the
software and training staff.4 Improving data is a process that
is particularly time consuming; however, the recent develop-
ment of open access data management tools may assist the
process.14 Furthermore, advances in open access applications
have made GIS widely accessible and easier to use, and public
health experts advocate for these programs in underresourced
countries. For example, Quantum GIS and GeoDa are robust
open access applications that can be downloaded from the
internet. A dedicated website (www.opensourcegis.org) has
been established as a central repository for all open access
GIS applications.
Currently, international collaboration in dengue surveil-
lance is limited. Given that dengue transcends international
borders, collaboration at the regional and global level is
imperative. The World Health Organization has established
DengueNet, a website that aims to provide standardized data
Figure 1. Dengue incidence by administrative region in the Philippines in 2010. Data sources: National Statistics Office (Philippines) and
National Epidemiology Centre, Department of Health (Philippines).
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to compare disease burden between countries. Unfortunately,
data are incomplete and unreliable. The development of
enhanced international relationships and collaborations
could help improve surveillance at subnational, country, and
regional levels, increasing the ability of programs such as
DengueNet to be used for global disease management planning.15
The advancement of GIS technology has the potential to
greatly assist dengue prevention and control. Open access
applications enable all countries to use this technology,
including those nations with limited resources. Advances
in open access GIS technologies should be viewed as a cata-
lyst for increased global collaboration, where information
sharing and public health planning are prioritized to achieve
common goals. By improving surveillance and control and
identifying where resources would be best directed, dengue
transmission will be restricted, and ultimately, incidence and
mortality will be reduced.
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